Abstract. The hexamethyl substituted bismethylenecyclopentane la is 4 to 7 times more reactive towar& the acetylenic dienophiles 2 and 3 than the nonmethylated 1,2-bismethylenecyclopentane lb. This unusual consequence of branching is explained in tern of steric and electronic &iects.
1)
1,1,2,2.3,3-Hexamethy1-4,5-bis(methy1ene)cyc1opentane la,' an s-cis fixed 13diene has been shown to undergo some unprecedented 1,4-additions,8 since it8 1,2-reactivity is reduced by the bulky substituent8 attached to the 2-and 3-position of the diene fragment. In order to use la as a mechanistic probe for the study of cycloaddition reactions, we needed information about the influence of the methyl groups on the 1.4~reactivity of la and we have, therefore, compared the reactivity of la and lb towards the dienophiles 2-4.
While the acetylenic dicarboxylate 2 reacted smoothly with the dienes la and lb at room temperature, the cycloaddition of la,b with the methyl ester of phenylpmpiolic acid was very slow, even at 6ooC. As expected,' the corresponding acid chloride 3 was considerably mom reactive, and at room temperature gave cycloadducts, which were solvoIyzed in methanol to affotd 68 and 6b. The cycloadditions of 4 were sluggish at mom temperature, but proceeded quantitatively in toluene within a few hours at 60 or 8oOC.
Competition experiments revealed that the acetylenic dienophiles 2 and 3, in contrast to the ethylenic dienophile 4, react noticeably faster with the highly substituted diene la than with the nonmethylated homolog lb (right column of Scheme 1). How can &,& ratios greater than 1 be explained? Porte field calculations" reveal that the reaction of la with acetylene is 0.4 kcal/mol more exothermic than the corresponding reaction of the nonmethylated compound lb. The strain associated with the vicinity of 3 quaternary carbon centres in la is somewhat released when the C-l/C-2 bond becomes shortened during the cycloaddition. 
R2
If the difference of the reaction enthalpies is represented correctly by the molecular mechanics calculations, a kJkb value of 2 might be due to steric effects, if the geometrical reorganisation were complete in the transition state. Since Diels-Alder reactions are assumed to proceed through early transition states. the weight of the steric effect should be even smaller, and electronic contributions have to be considered. The ionization potential of la (rP,(ZJ = 8.4 eV)" was found to be 0.3 eV lower than that of the nonmethylated compound lb (ZPJZ) = 8.73 eV)12. Since all these reactions can be assumed to be controlled by the HOMO(diene)-LUMOQiienophile) interactions,13 the higher reactivity of la can be explained by the reduced HOMO-LUMO gap. We, therefore, suggest that a combination of steric and electronic effects accounts for the reactivity preference of la over lb towards acetylenic dienophiles.
According to force field calculations (MMX), the Diels-Alder reaction of ethylene with la is also slightly more exothermic than the corresponding reaction with lb (AAM' = 0.6 kcal/mol). Since the frontier orbital argument applies in the same way as above, the inverse reactivity ratio of la and lb towards fumarate 4 must be due to steric repulsions in the transition state &I.
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EXPERIMENTAL.
General. IR spectra were recorded on a Shimadxu JR-435 spectrometer. NMR spectra were taken on a Varian XL 200 spectrometer using teaamethylsilane as internal standard. Mass spectra wem twzorded on a 70-250E VG spectrometer and the microanalyses were carried out by Ilse Bee@ Microanalytisches Laboratorium, D-8640
Kronach. Melting points are uncormcted. GC analyses were run on a Shimadzu GC 9A Gas Chmmatograph equipped with FID. 3,4-Bis(methoxycarbonyl)-bicyclo[4.3.0]nona-l(6),3-diene (5b). Compounds lb (0.113 g, 1.20 mmol) and 2 (0.162 g, 1.14 mmol) were combined without a solvent to give 5b quantitatively ('H NMR spectrum) in an exothermic reaction. Five hours after mixing the reactants, the product was recrystallized from methanol. Mp 40-41°C. -IR (KBr): 2946, 2881, 2838, 2805, 1729, 1718, 1703, 1643, 1432, 1322, 1265, 1261, 1190, 1161, 1077, 1051, 1007, 936, 765 3-Methoxycarbonyl-7,7%,8,9,9-hexamethyl-4-phenyl-bicyclo[4.3.O]nona-l(6)~-diene @a). Diene la (0.218 g, 1.22 mmol) and 3 (0.103 g, 0.626 mmol) were combined and kept for 3 d at ambient temperature. The mixture was dissolved in 2 mL of dry ether and added dropwise to the stirred suspension of NaHC4 (0.12 g) in methanol (3 mL). After 1 h, the solvents were evaporated under reduced pressure, and the dry residue was extracted with two 5-mL portions of ether. For this purpose, ether was added, stirted with a spatula, put into an ultrasonic bath for 1 min, and filtered. The ether was evaporated and the residue was recrystallized from methanol to give colorless crystals (0.173 g, 82%) with mp 116-117°C. -IR (KBr): 2968, 2939, 2904, 2861. 1711, 1698, 1442, 1431, 1373, 1306, 1247, 1054,766 trans-3,4-Bis(methoxycarbonyl)-7,7~,8~,9-hexamethyl-bicyclo[4.3.O]nona-l(6)-ene (7a). Diene la (0.790 g. 4.43 mmol) and fumarate 4 (0.511 g, 3.55 mmol) were dissolved in toluene (2 mL) and heated in a nitrogen atmosphere at 80°C for 6 h. The 'H NMR spectrum taken after evaporation of excess diene and toluene indicated the quantitative formation of 7a, which was recrystallized from methanol: Mp 56-57Y. -IR (KBr): 2916 (broad), 1724 , 1437 , 1373 ,1365 ,1318 ,1296 .1228 , 1187 ,1167 , 1147 , 70.77; H, 9.38. Found: C, 70.45; H, nona-l(6)-ene (7b). Diene lb (0.140 g, 1.49 mmol) and fumarate 4 (0.215 g, 1.49 mmol) were dissolved in 1.5 mL of toluene, and heated in a septum-equipped vial, which had been flushed with Nz. for 7 h at WC. The residue obtained after evaporation of toluene was crystallized from methanol to give 0.321 g (90%) of colorless crystals with mp lll-l12°C.
-IR (KBr): 2908, 2867,2827,1725, 1438,1329, 1288, 1226,1192, 1167, 1145,1045 cm-l. - Competition Experiments. The dienes la and lb were dissolved in ether or toluene, and one of the dienophiles 2, 3, or 4 was added. After completion of the cycloaddition (times see Table) , the cycloadduct ratio was determined by GC (Fused silica capillary column SE 30, length 50 m, id. 0.2 mm, Nz carrier, 27oOC column temperature), and the competition constants were evaluated using the formula kJkb = lg(l-[DPl$fllal, (l+R))llg(l-[DPld[lbl,(l+R)~~ with [DPI, cycloadducts from la and lb. = initial dienophile concentration and R = molar ratio of the 
